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<57) Abstnct 



A process b disdosed to reduce the energy conssmed by • cooUng md/or liquefying prooesi, in {wttkubr ittturtl gas coding indoor 
Uqnefyit^ pncsn coupled to a refirigentkn cycle that A^friiet dw eneigy required fsr the coding md/or liquefying pnoesi. The procen 
b duuacteffsod in ttut (a) die combustioo air tttRilied to d» gas turtnoe in the lefrigeratxn cycle b previoialy cooled eitlier directly by 
means of a aepanie tuxiUaiy reOrtgentioo cycle or tfnough al least one addiiknal (brine) reMgentian cycle; and (b) Sic medium to be 
coded and/or liquefied b also previonsty coolodi 

^^7) ZttaB9iDC&£auiii^{ 

Vexfabien snr Vcningening des Eivrgievabnuclis elnes AblcQhl* undftider VerflOsslgungsptDzesses. inthf ito n flr re cines 
AbkoU- und'oder VerflOssiguagxproxcsxes von EMgas. gekoppeh mil dnem Kilcefcreixlauf-Prozcfl, der der Itlr dea AbkObl- und/oder 
VeiilQssigungipcQxeB xwcwendigen EoergiebereitsteDuRg dient. wotei a) milleb elnes icparalza Hn&UQtekmsltufts anf dlrekiem Wege 
Oder durdi Zwischetisciialten wenigstens elnes wetteren Kfi]te<sole)kretsbmfi da Voricohkn der der Gasontiine des Kiltdaeblauf-Prazesses 
fligefbtetto V ci tic naua gihift aowk b) dn VoiUhlen des/der ateukfiUeodca oid/dder xu voflOstigendea Medhtms/^ieD etfolgt. 
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DexripiipD 

Method for Cooling and/or lique^ring a Medium 
The invention is directed to a method for cooling and/or liquefying a medium, in particular 
5 naturai gas, where die cooling and/or liquefaction of the medium is accomplished by indirect 
heat exchange widi the refrigerant or the refrigerant mixture of at least one refrigerating 
cycle, and where the relngerating cycle has at least one compressor which is driven by at 
least one gas turbme which is supplied with combustion air in addition to a fiiel. 

1 0 Iq conventionai low-ten^mture processes, such as die liquefaction of natural gas, die crude 
gas is usually supplied to the tow temperature process ai ambient teoqieratufe and is only dien 
cooled and liqiueficd in die so-€alled'cold*' phase of die process. The refrigeration required 
for the cooling or liquefaction of the crude gas is provided by a usually closed refrigerating 
cycle. The compression of Uie circulating refrigerant can for instance be carried out by gas 

IS turbine drives. The air required here for combustion is sucked in at ambient temperature. 
In EP-PS 0 143 267' a liquefaction process for natural gas is desoibed in which the natural 
gas to be liquefied is cooled and liquefied by using two closed cycles in which imilti- 
con^wnent refrigerants are circulated. From US-PS 5 139 548, a liquefaction process for 
natural gas is known where die precooling of die natural gas to be liquefied is achieved by 

20 means of a propane refrigerating cycle and the liquefaction and subcooting of die precooled 
natural gas is achieved by means of a refrigerant mixture cycle. For such a liquefacdon 
process dK refrigerating energy required for die liquefacdon is dnis provided by means of a 
refrigerating cycle cascade. 

25 It is die object of die present invention to ^)ecify a mediod which reduces the energy 
consumption of a cooling and/or liquefaction process which is coupled widi a refrigerating 
cycle process. 

Aooordir^ to the present invention, diis is accon^lished In that at least one separate auxiliary 
30 refrigerating cycle is provided, which, by indirect heat exchange, serves to ptecool the 



lA 

combustion air supplied to the gas turbine and the precooling of the medium/media to be 
cooled and/or liquefied. 

Altemativety, at feast one separate auxiliary refrigerating cycle and at least one separate brine 
S cycle can be provided, where the auxiliaiy refrigerating cycle serves the cooling of the brine 
of the brine cycle, where die auxiliary refrigerating cycle or the brine cycle, by indirect heat 
exchange, serve to precool the combustion air supplied to the gas turbine and die auxiliary 
refrigeiaUng cycle or the biine cycte. by indirect heat exchaqge, serve to precool the 
medium/media to be cooled and/or liquefied. 

10 

The invention as well as further embodiments thereof are described in greater detaul with 
reference to Figures 1 and 2. 

Fig. 1 shows a UquefactioD pnxess tor natural gas. as it is used for instance in LNG- 
Baseload systems. Hg. 2 shows a N2/C14 -separation process, as it is used for instance in 
15 dte separation of nitrogen from namral gas. 

In the pzx>cess mentioned in accordance with Fig. I the natural gas stream siqiplied via fine 
1, in a carbon dioxide wash A, is initially freed of any carbon dionde it may sdll contain. 
When leaving the carbon dioxide wash A die natural gas 
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Stream still has a temperature of 3 13 IC Subsequently, the natural gas stream freed of 
cait)on dioxide is supplied via line 2 to a heat exchanger B. In this heat exchanger it is 



cycle which shall be discussed in more detail below. The cooled natural gas stream is 
S thfio supplied to a separator C where the water resulting in the separator is then supplied 
back to wash A ^ line 4 shown as a broken line. The natural gas stream withdrawn 
from the head of separator C is then supplied via line 3 to a dehumidifier D. Here the 
natural gas stream is dehumidified, preferably by way of adsorption. Subsequently, the 
precpoled natural gas stream is stalled via fine S to a heat exchanger E,'wfaere h is 
10 cooled and liquefied fivtber against the process refrigerating cycle which shaO also be 
discussed in more detail below. The liquefied natural gas is withdrawn from heat 
exchangerE via line 6 and supplied for its further utiHsatioQ to^ for instance* 
temporary storage in a LNGtank. As the temporary storage in the LNO tank may be at 
atmospheric pressure, for instance, the liquefied natural gas is initially expanded 
15 through a valve F to the pressure existing in the LNG tank and subsequently supplied to 
the LNGtank via line 7. The process refiigerating cycle required for further cooling and 
liquefying the natural gas contains a refngerant which is a nuxture of l^drocaibons or 
nitrogen and hydnocaifoons. In the present cases, the refrigerant naxture b compressed in 
two stages (H, FT). After the first compression in compressor H, the refiigerant mixture 
20 is supplied via lines to an air cooler J, \^ere it is cooled against ambient air and is 
subsequent^ supplied to the second compression stage If. After the refrigerant mixture 
has been withdrawn firom its second compression stage H* via line 9, it is again su^plaed 
to tte air cooler J mentioned above and subsequently via line 10 supplied to a heat 
exchanger K, wtiere it is cooled against the cooling medium of a brine cycle, which shall 
25 also be disnissfd in more detail bek)w. The precooled refrigerant nuxture is 
subsequently supplied via tine 11 to heat exchanger E* cooled under hig^ pressure and, 
depending on the particular embodimem of the process^ wQl be expanded through valves 
L and/or L' and heated against the natural gas stream in fine 5 which is to be cooled and 
liquefied, and against the high-pressure refrigerant stream in line 1 1. Subsequently, the 
30 refiigerant stream is again supplied to the first compression stage H via line 12. The 
two-stage compresson (H, H*) is driven by a gas turbine G to which combustion air is 



cooled by 2(fK in a counterfiow to the refiigerant of a separate auxiliary refrigerating 
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supplied via line 1 3. Before its supply to the gas turbine, the combustion air supplied 
via line 13 is cooled against a part stream of the already mentioned brine cycle in heat 
exchanger K*. The requisite amount of combusuble gas b supplied via line IS, whilst 
tine 16 is the exhaust pipe. The brine cycle mentioned above, whose cooling inedium 
5 can, for instance, be a noixnire of ethylene glycol and water, can be selected for safety 
considerations. The cooling medium of this brine cyde is supplied via fine 20 to a pump 
M in order to increase the pressure and subsequently via line 21 to a heat exdianger N. 
Here the t»ine is cooled in oounterflow to a part stream of the previously mentioned 
auxiliaiy refrigerating cyde which, as previously mentioned, senres to precool the 
10 natural gas stream. The brine is withdrawn fiom heat exdianger N via line 22 and via 
line 23 is partly supplied to heat exchai^er K and partly to beat exchanger K*. The 
portion ofthe brine withdrawn from heat exchanger K via line 20 is admixed to the 
remainder ofthe brine withdrawn from heat exchanger K* via line 24. 

The previously mentioned auxQiary rcfiigerBting qrde contains as 
IS refrigerant a pure substance which is liquefiable . at ambient temperature, such as 
propane, or a mixture which is liquefiable at ambiem tenq>erature. The r^igerant is 
supi^ied to a compressor O via line 30, subsequent^ supplied to an air cooler P via liiie 
31 and then to a recover Q. From this receiver fiquid refiigeram is withdrawn via line 
33 and after passage through a purap R is supplied via tine 34 to a branch poinL A 
20 portion of the refrigerant is cooled and expanded through a valve S and is supptied via 
tine 35 to the previously mentioned heat exchanger N. In this heat exchanger the 
refrigenutt is heated against the brine cyde medium to be cooled. The heated 
refrigerant of the amdUaiy refrigerating ^de is subsequently withdrawn via line 36 and 
again adnuxed to line 30. From the previously mentioned braiKfa point a portion of the 
25 refrigerant is suppUed via fine 37 to an expansion valve T, is esq^anded and supplied to 
heat exchanger B via line 38. The refrigerant heated in heat exdianger B is 
subsequently again supplied to fine 30 via line 39. 

Fig. 2, as previously mentioned, shows a N2/C1+ -s^wration process^ 
such as is used to sqiarate nitrogen from natural gas. In this process the nitrogen- 
30 containing natural gas stream, from Miiidi any other undearaUe components, as for 
mstaoce carbon (tioxide, have ahready been removed, is suppUed via tine 1 to a beat 
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exchaoger A where it is cooled in coiinterflow to the medium of a brine cycle, which 
shall be discussed in more detail below. Subsequently, the natural gas stream is supplied 
via line 2 to a fimher heat exchanger B, where it is cooled fiutber and is partially or 
completely liquefied against the process refrigerating cycle, which shall also be discussed 
5 in more detail below. The natural gas which has been partially or completely liquefied is 
withdrawn fit>m heat exchanger B via tine 3 and through expansion valve C and via line 
4 is supplied to the top of separation cohmm D. In separation cohmin D the sq)aration 
imo a nitrogen-rich and a -rich fiaction is achieved. The nitrogen-rich fraction is 
vntbdrawn vialineS firom the top of separation cohmin D. In heat exchaoger B b heated 
10 against the natural gas stream to be cooled and is subsequently expelled finom die process 
via line 6. The heating of separation column D is provided by cohinm heating E. The 
Ci«prich fiaction is withdrawn fixim the sump of separation column D via fine 7. is 
pumped in pumpFto the desired pressure and subsequently via line 8 is supplied to heat 
exchanger B. In this heat exchanger the Ci*-rich fiaction b heated and evaporated and 
15 subsequently expelled from the system via line 9. 

The refiigeration required for the cooling and liquefaction of the natural 
gas stream is provided by the process refiigerating cycle X This cyde difiers fiom tfte 
process refiigeratiqg cycle illustrBted m Fig. 1 only m as fiv as it has a third compression 
stage U in addition to the first two compression stages H and H*. This thi^ 
20 compression stage U is driven by expansion of the refrjgeram mixture in the expansion 
turbine V. As aheady ilhistrated in Fig. I. the refiigerant mature is supplied to an air 
cooler J after each conqsression stage. Immediately fiillowing this^ the refiigerant 
mixture is each time passed through a heat exchanger K, in which the refrigerant mixture 
is cooled agamst a part stream of a brine cyde. This brine ^e as well as the auxiliary 
2S lefiigerating cycle ^1 now be discussed in more detail. Therefiigeram mfadureofthe 
auToliaxy refiigeradng cyde. prefierably a pure substance wfaidi is liquefiable at ambient 
temperature* fi)r instance propane, or a mixture which is liquefiable at ambient 
temperature^ is supplied to a compressor L via line 10. After compresaon the refiigerant 
mixture is supplied ida line 11 to an air cooler M and subsequently to a receiver N. 
30 From this receiver the liquid refiigerant mbcture is withdrawn via line 13 and divided into 
two part Btreams. A first refrigerant mixture part stream b coded and expanded 
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through valve O and is heated and evaporated in heat exchaoger P against the brine cycle 
medhim to be cooled. Subsequently this refrigerant mixture part stream is suppfied 
back to compressor L via lines 15 and 10. The second refirigerant mixture part stream is 
supplied via line 16 to an expansion valve Q. After expansion through expansion valve 
5 Q. this refrigerant mixture part stream is supplied via line 1 7 to heat exchanger where 
it is heated and evaporated against the brine cycle mecfium to be cooled. From this heat 
exchaqger R the refrigeram mixture is subsequcmly supplied to compressor L via fines 
18 and 10. The brine cyde medium is supplied via line 20 to a pomp S in where it is 
pumped to the desired pressure and suppBed to the previously mentioned heat exchanger 

10 R. In thb heat exchanger the brine is cooled against the refiigerant mixture of the 
auxiliary refrigeratiqg cyde wfaicfa is to be heated, and the brine is subsequently suppfied 
to a branch point via line 21. At this branch point a part stream of the brine is supplied 
via line 22 to the also already mentioned heat exchanger P and in this heat exchanger is 
cooled against the refrigerant mixture of the auxifiary refrigerating cyde which is to l^e 

IS heated. Subsequently the brine ^de mecfium is again suppfied to pump S via lines V 
and 20. The second part stream of the brine is withdrawn from the branch point via line 
24. A part stream thereof is supi^ed via fine 25 to the also already mentioned heat 
exchanger A and it is heated and evaporated against the mtrogen-containing natural gas 
stream which is to be cooled. The heated and evaporated brine is then subsequently 

20 again supplied to pump S via fines 26, 31, 32 and 20. A frirther part stream of the brine 
cyde medium is suppfied to the also already mentioned heat exchanger K via fines 24 
and 27. In this heat exchanger the biine is heated and subsequently admixed via fine 28 
to the brine in fines 31 and 32. A frirther part stream ofthe brine is suppfied via fine 29 to 
heat exchanger K*. In heat exchanger K' the combustion air suppfied to gas turbine fi is 

25 cooled. The brine cooled in heat exchanger K* is subseq^ently, via tine 30, admixed to 
the brine in fines 26 and 31. 



as well as through the precooUng of the medium to be cooled and/or liquefied, and/or the 
process refrigerating cyde» in the examples of Fig. 1 and 2 for natural gas, a mailced 
30 reduction of the specific liquefying or refrigerating capadty is achieved. EspedaUy in 



Through the precoofing of the combustion air suppfied to the gas turbine 




f^^Q^large capadty ^sterns, as for instance in LNG-Baseload systems^ the overall efficient 
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dctenntnes the m of the individual lique&ction lines and therefore the investment costs 
for such a system. By the method m accordance with this invention, in LNG-Baseload- 
Systems^ a marked increase in the line size is achieved, and in other types of large 
capacity systems* a marked reduction of the specific energy consumption. 

5 Hie auxiliary refiigeratiog cycle or the brine cyde which serves the 

precooiing of the combustion air as weU as the precooling of the medium/a to be cooled 
and/or liquefied can naturally also be utilised for other precooHng or cooling processes. 
Such precooUng or cooling processes are for instance the precooling of cmde gas prior 
to entering absorbers. ooc^iQg of head products of the amine wash for the removal of 

10 caiboa dioxide, subcooling of the refrigerant or refrigerant mixture, precooliqg of the 
]^g)l-pressure process refrigerating cyde etc. 

The applicatioa of the method in accordance with the invendon is naturally 
not limited to the two processes shown in Fig. 1 and 2. Its appfication is also 
paittculady advantageous m Hque&ction processes v/blA utilise multi-stage propane 

15 refiigerating cydes or in pr<K:esses which utifise C^3 -refrigerating cycles or pure 
. substance refrigerating cydes. 
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THE CLAIMS DERNING THE INVENTION ARE AS FOLLOWS: 



1 . Method for cooling and/or liquefying a mediiim, in particular natural gas, where the 
cooling and/or liquefacdoo of the medium is accomplished by indirect heat exchange 

5 with the refrigerant or the refrigerant mixture of at least one refrigerating cycle, and 

where the xefrigeraiing cycle has at least one compressor which is driven by at least 
one gas turbine which is supplied with combusdon air in addition to a fuel, 
characterised in that at least one separate auxiliary refrigerattog cyde is provided 
which, by indirect heat exchange, serves to precool cbe combustion air supplied to the 
10 gas turbine and to precool die medium/media to be cooled and/or liquefied. 

2. Method for cooling and/or licpiefying a medium, in particular natural gas, where the 
cooling and/or liquefaction of the medium is accomplished by indirect heat exchange 
with die refrigerant or the refrigerant mixture of at least one refrigerating cycle, and 

IS where the refrigerating cycle has at least one compressor which is driven by at least 

one gas turbine which is supplied with combustion air in addition to a fuel, 
characterised in dtat at least one separate auxiliary refrigerating cycle and at least one 
separate brine cycle are provided, where the auxiliary refrigerating cycle serves to 
cool the brine of the brine cycle, where the auxiliary refrigerating cycle or the brine 

20 cycle by indirect heat exchange serve to precool die oondnistion air supplied m die gas 
turbine and where the auxiliary refrigeratir^ cycle or the brine cycle by indirect heat 
exchange serve lo precool die medhun/media lo be cooled and/or liquefied. 

3. Method in accordance with claim I or 2. characterised in diat die natural gas to be 
25 cooled and/or liquefied and/or die process refrigeratiog cycle refrigerant or refrigerant 

mixture represents the medium to be cooled and/or liquefied. 

4. Medxxl in accordance widi any one of claims 1 to 3, characterised in that die separate 
auxiliary refrigerating cycle features as refrigerant pure substances liquefiable at 

0 ambient temperature, such a propane, or mixaires. 
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5. Method for cooling and/or liquefying a medium, substantially as hereinbefore 
described with reference to the drawings. 

5 DATED this l<Hb day of December. 1998. 
UNDE AKT1ENGESELLSCHAFT 
By its Patent Attorneys 
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